~," The authors review their experience with the bifrontal interhemispheric approach in 603 cases of single anterior communicating artery (ACoA) aneurysms and describe the operative technique. With this approach, the olfactory tracts are dissected, and both A~ segments of the anterior cerebral arteries are identified subfrontally. The interhemispheric fissure is then dissected and A2 segments are followed from the distal portion toward the ACoA complex. Following the administration of a combination of mannitol, vitamin E, and dexamethasone, a temporary clip is placed on at least the dominant A, segment prior to dissection of the aneurysm itself. Once the aneurysm has been completely freed from the surrounding structures, the neck is ligated and clipped. If the aneurysm ruptures during surgery, temporary clips are placed on both AI and A2 segments bilaterally and the operation proceeds in a completely dry field. With this method, it is possible to occlude any of the intracranial vessels for up to 40 minutes within 100 minutes of drug administration.
M
ANY approaches have been used in surgery on aneurysms of the anterior communicating artery (ACoA), 1' 4"5A5' 3~ but currently these diverse approaches can be subdivided into two main groups: an interhemispheric approach using a bifrontal craniotomy and a pterional approach using a frontotemporal craniotomy. We have been performing direct operations on cerebral aneurysms since 1961, and in 1979 reported in detail our first 1000 cases operated on over the 14-year period up to 1975. 20,35 Among those cases were 346 aneurysms of the ACoA. Although we have tried various surgical approaches, the majority of operations were performed using the interhemispheric approach, which we have come to believe is the safest and the most effective method for surgical treatment of such aneurysms.
In the present paper, we report our experience with 603 cases of single aneurysms of the ACoA operated on directly during the 22-year period from 1961 to 1983. Our operative results are analyzed, the surgical technique we currently use is outlined, and the various advantages, problems, and countermeasures involved in aneurysm surgery performed in the acute stage after subarachnoid hemorrhage (SAH) are discussed.
Clinical Material
Between June, 1961, and December, 1983, we performed direct operations in 1816 cases of cerebral aneurysm at the Division of Neurosurgery, Institute of Brain Diseases. Among these were 603 (33.2%) aneurysms of the ACoA (Table 1 ). For analysis of the surgical results, we have classified the first 346 of these cases (those operated on between June, 1961, and September, 1975) as Group 1, and the last 257 cases (those operated on between October, 1975, and December, 1983) as Group 2. The Group 1 cases were among the first 1000 cases of direct aneurysm surgery operated on by the same surgeon (J.S.), whereas Group 2 included those cases operated on in the period during which our surgical technique and indications for direct operations on aneurysms had become firmly established.
Only 78 (12.9%) of the 603 total cases in Groups 1 and 2 were operated on during the ultra-early period (that is, within 48 hours of the ictus), but ultra-early operations were carried out in 56 (21.8%) of the 257 cases in Group 2. All of the operations were performed by a single surgeon (J.S.) using direct vision or surgical loupes.
Operative Techniques
The patient is placed in a supine position with the head immobilized facing forward and the jaw protruding slightly to facilitate an approach to the frontal lobes. A skin incision is made along the hairline of the forehead, four burr holes are drilled, and a bifrontal craniotomy is performed (Fig. 1 left) . It is important to perform the craniotomy as close to the upper ridge of the orbita as possible. The frontal sinus is opened in most cases, and antiseptics are applied. The mucous membrane within the sinus is dissected and cauterized, and the internal bone lamina of the sinus is removed to decrease the dead space. The ostium communicating with the nasal passage is closed with bone chips produced during craniotomy, and a small amount of bone wax is smeared firmly over the chips to completely block all communication with the nasal passage.
The dura is opened along the anterior bone edge as far forward as possible in order to minimize damage to the bridging veins. The falx cerebri is also cut as far forward as possible, and bleeding of the severed end of the superior sagittal sinus is stopped by electrocoagulation.
The olfactory tract is dissected from the orbital surface of the frontal lobes bilaterally as far as the olfactory trigonal region. With this method, it is possible to preserve the olfactory tract, and thus olfactory function, since traction will not be applied to the olfactory tract even if the frontal lobe is elevated during surgery. After exposure of the internal carotid artery, the arachnoid membrane is opened over the base of the Sylvian fissure, starting proximally. During removal of the subarachnoid blood clots, dissection is in a distal direction. Removal of the clots reduces brain volume, facilitating elevation of the frontal lobes and exposure of the AI segments. It is important to expose both AI segments initially because of the danger of premature aneurysm rupture.
The next step is to enter the interhemispheric fissure. At this stage the aneurysm is not approached directly; instead, the distal A2 segments beneath the genu of the corpus callosum are approached in an "overhanging" manner ( Fig. 1 right) . In this way, both A2 segments are easily exposed, and blunt dissection is used from that point in proceeding toward the ACoA complex. Thus, damage to the medial surface of the cerebral hemispheres is minimized, the entire length of the A2 segment is exposed, and subsequent management of the aneurysm becomes easy.
If there is a danger of rupture as the aneurysm is approached following exposure of the A2 segments, a temporary clip should be placed on the dominant AI segment. In the event of aneurysm rupture during dissection, application of temporary clips on the subdominant AI and both A2 segments will allow treatment of the aneurysm in a bloodless field.
In making an approach to the aneurysm, the direction of aneurysm projection should be considered, and the aneurysm should never be dissected from its dome. Particularly in the case of a superiorly projecting aneurysm, dissection starting from the A2 segments will lead initially to the aneurysm dome, with a high risk of rupture. In such a case, dissection of the proximal A2 segments should be halted and, after temporary clipping of the dominant AI segment, dissection of both frontal lobes from the optic nerves should proceed medially until the terminal portions of both A1 segments are identified. In this manner, the ACoA complex can be visualized without brain resection. In cases of laterally projecting aneurysms, dissection should proceed toward the ACoA complex along the lateral wall of the A2 segments in a direction opposite to that in which the aneurysm grows.
The aneurysm is then freed from the surrounding vessels, brain tissue, dura mater, and optic chiasm, and the aneurysm neck is exposed and ligated with 7-0 silk thread. The presence either of small arteries (such as the hypothalamic perforating vessels) behind the neck or of a fibrous adhesion sometimes makes it possible to inadvertently produce kinking in feeding or draining vessels or to overlook the presence of a small aneurysm behind the larger one. Consequently, it is essential to completely dissect the aneurysm from all surrounding structures until it "hangs loose," thus allowing a direct view of the neck of the aneurysm during ligation. A clip is then placed on the ligated neck. If the clip were to be applied at the outset, there is a danger of incomplete occlusion of the neck or of kinking or occlusion of the arteries, so that it is advisable to clip the neck only after it has been ligated.
The ACoA complex is the site of frequent anatomical variations ~1 (Fig. 2 ). For example, it is not uncommon to find a small aneurysm located behind a large one in this region. It is therefore essential to expose the vessels necessary to control hemorrhage (both A~ and both A2 segments) before attempting precise treatment of the neck of ACoA aneurysms.
To prolong the permissible period of vascular occlusion, we administer a combination of 20% mannitol (500 ml), vitamin E (300 mg), and dexamethasone (30 to 50 mg) by intravenous drip over 30 to 60 minutes. 2~ Drug administration is timed so that it is completed just prior to application of the temporary clips. In the case of acute-stage surgery, it is also essential to institute continuous ventricular drainage and to remove as much subarachnoid clot as possible from the Sylvian fissures and the interhemispheric fissure, as well as any intracerebral hematoma.
Operative Results
The patients' preoperative condition was evaluated according to the classification of Hunt and Kosnick. 7 Surgical outcome was classified as follows: excellent (normal); good (mild neurological deficits, but normal social life still possible); fair (neurological deficits, normal social life not possible); poor (independent domestic life not possible); and dead.
Of the 603 patients in the total series, 367 (60.9%) were judged as having an excellent outcome at discharge, 107 (17.7 %) as good, 59 (9.8%) as fair, 40 (6.6%) as poor, and 30 (5.0%) had died ( Table 2) . When Group 1 is compared to Group 2, it is seen that the mortality rate fell about 1% after September, 1975, and the number of patients capable of normal social lives (excellent and good outcome) rose about 8% in Group 2 as compared to Group 1 ( Table 2) . Follow-up results at least 1 year after discharge from the hospital showed an excellent or good outcome in 78.3% of Group 1 cases, whereas a similar outcome was found in 87.0% of Group 2 cases, an increase of almost 9% (Table 3) .
The cause of death among the 30 patients who died was most commonly vasospasm (15 cases), followed by problems that arose during the surgical procedure (five cases), direct brain damage due to the SAH (two cases), and various severe systemic complications (eight cases) ( Table 4) . Among the 15 patients who died due to vasospasm, only two were operated on in the ultra-early stage (that is, within 48 hours of onset of symptoms) and both of these patients were classified as Hunt and Kosnick Grade 1II. 7 All of the remaining 13 patients were operated on between the 3rd and 12th day following onset of symptoms: one was classified in Grade II, eight in Grade 1II, and four in Grade IV.
The five patients who died as a result of difficulties in the surgical procedure included three who were in Grade III. Death was caused by postoperative rerupture of the aneurysm, the neck of which was insufficiently treated. The fourth was classified as Grade IV, and death followed unilateral occlusion of the A~ segment. The fifth fatality was a Grade 0 patient with a giant aneurysm; the A~ segment was buried in the aneurysm wall and was severed during resection of the wall.
Hemorrhage was controlled by placing a silver clip on the A~ segment, but the patient died following a postoperative hemorrhage from the same site.
Both of the fatalities due to direct brain damage occurred from rerupture of the aneurysm in the hospital. Preoperatively, one patient was in Grade III and one in Grade IV, and emergency operations were carfled out in both cases. They had a progressively diminished level of consciousness, and the surgical procedure was extremely difficult due to severe brain swelling.
The immediate causes of death in the remaining eight cases varied, including one case each of disseminated intravascular coagulation, sepsis, gastrointestinal bleeding, diabetes insipidus, meningitis, pneumonia, and spontaneous intracerebral hemorrhage. In the eighth case the patient died suddenly, and the cause of death could not be determined, even at autopsy.
Among the 76 cases in Groups 1 and 2 operated on in the ultra-early period following aneurysm rupture, six (7.9%) died and 57 (75.0%) had an excellent or good outcome (Table 5 ). The mortality rate in Group 2 was roughly the same as in Group 1 (7.1% compared to 10%, respectively), but the percentage of patients experiencing a good or excellent outcome rose to 84.0% in Group 2, indicating a notable improvement in the morbidity rate compared to Group 1.
Analysis of the preoperative grade of the 56 Group time a~errupture  nonruptured  8  5  2  0  0  1  2  0  2  0  0  0  10  5  4  0  0  1  24 hrs  10  3  1  3  1  2  34  19  8  3  2  2  44  22  9  6  3  4  25-48 hrs  10  2  4  2  2  0  22  12  8  0  0  2  32  14  12  2  2  2  3-7 days  29  9  3  3  7  7  29  17  3  4  3  2  55  26  6  7  10  9  8-14 days  68  32  12  9  10  5  71  47  12  5  4  3  139  79  24  14 2 patients operated in the ultra-early stage showed that the great majority (93%) were in Grades II or III (Table  6 ). One Grade II and three Grade III patients in Group 2 died. Table 7 summarizes the timing of surgery, preoperative grade, and operative results in the 603 cases in this series. Table 8 gives the incidence of symptomatic vasospasm, as determined by means of neurological symptoms, cerebral angiography, and computerized tomography scanning, in all 257 Group 2 cases. Fortythree patients ( 16.7 %) showed symptomatic vasospasm. Vasospasm was the direct cause of death in five patients and led to a poor outcome in six. Vasospasm occurred in 12.5% of the cases operated in the ultra-early stage, a somewhat lower incidence than that found among patients operated on after the 3rd day following aneurysm rupture (17.9%).
Discussion
The pterional approach is currently the most commonly used surgical procedure in cases of ACoA aneurysms. 32 However, this approach cannot be used without resection of the gyrus rectus when the aneurysm is located deep within the interhemispheric fissure, and particularly when it projects in a superior direction. Moreover, subarachnoid blood clots, which are the direct cause of postoperative vasospasm, not only are found in the basal cistern and interhemispheric fissure, but are also located bilaterally deep within the Sylvian fissures. It is extremely difficult to remove clots from these regions when a unilateral pterional approach is used.
As a rule, it is important to dissect completely around the aneurysm before undertaking obliteration of the aneurysm neck. To insure safety, it is essential to prepare for the possibility of aneurysm rupture during surgery by identifying both the A~ and A2 segments bilaterally, which feed and drain the aneurysm, prior to dissection of the aneurysm itself. It is also essential to obtain a wide surgical field so that all the subarachnoid clots can be removed. We believe that these requirements are fulfilled by the interhemispheric approach in cases of ACoA aneurysms, and nearly all of our patients have been operated on using this approach. There are two potential shortcomings of the interhemispheric approach: 1) it is often necessary to open the frontal sinus during craniotomy, with a potential for infection; and 2) there is a possibility of sacrificing the olfactory tracts. The frontal sinus was opened in over three-fourths of our cases, and there were no cases of postoperative infection. Moreover, by carefully dissecting the olfactory tracts, we have recently been able to preserve olfactory function in about 80% of our * Poor outcome means that an independent domestic life is not possible.
cases. 29 We consequently believe that the shortcomings of the interhemispheric approach can be overcome with a careful surgical technique.
The most unique feature of our surgical method is the use of temporary clips in nearly all cases. Particularly in ultra-early operations, when little time has elapsed since the original rupture, there is a possibility of rerupture during surgery. Therefore, we always apply temporary clips to the feeding and draining vessels prior to proceeding with treatment of the aneurysm. A key point in our surgical technique is that the aneurysm should be approached as follows. First, both AI segments are identified by approaching subfrontally. Next, the interhemispheric fissure is dissected, and both A2 segments are followed from the distal portion toward the ACoA complex. Before dissection of the aneurysm itself, temporary clips are placed on all four segments. If this is not possible, clipping of the dominant At segment should be performed at the very least. If the aneurysm should rupture during surgery, temporary clips can then be placed on the contralateral At and both A2 segments, thus allowing treatment of the aneurysm in a dry field.
It should be noted, however, that the use of temporary clips requires some measures for protecting the brain from ischemia. For this purpose, prior to 1971 we used hypothermia to a temperature of approximately 27"C, 24 and since then we have relied on the administration of mannitol. Choice of this drug was based upon our experimental 9,t2"tS' 33 and clinical 26' 34 studies which confirmed that mannitol has brain-protective effects. Since 1982, we have used a combination of mannitol, vitamin E, and steroids, 2~ which we believe allows prolongation of the temporary occlusion of blood flow and the performance of surgery under normothermia. We currently administer a combination of 500 ml of 20% mannitol, 300 mg of vitamin E, and 30 to 50 mg of dexamethasone by intravenous drip over a period of 30 to 60 minutes prior to attempting vascular occlusion. Using this method, we found that the absolutely permissible safety limit is a maximum of 40 minutes for occlusion of any combination of arteries within 100 minutes of drug administration. When more than 40 minutes of vascular occlusion is required, further occlusion can be safely performed following 5 minutes of recirculation. Continued occlusion after more than 100 minutes from the time of drug administration is dangerous, however, and requires a second dose of the drugs.
When applying temporary clips, it is important not to place a clip on a highly sclerotic vessel and to use a clip with a weak closing pressure in order to avoid damage to the arterial wall. We currently use a clip that we designed which has a blade pressure of 40 to 50 gin. 22 With regard to the timing of surgery in cases of cerebral aneurysms, it has been believed for many years that surgical results are better if the operation is delayed 1 to 2 weeks after rupture. 6' 16 It was also recognized, however, that during the waiting period the condition of a considerable number of patients worsens or they die due to rerupture or vasospasm. To provide the most effective therapy for such patients, we advocate surgery as early as possible following rupture, 23'25'27 and we have been able to overcome virtually all of the problems entailed in ultra-early surgery. Details of the methods we use to resolve such problems have been reported elsewhere, 28 so that only a brief summary will be discussed here.
First, surgery should be performed within 48 hours of rupture, if possible. However, since brain edema worsens with time after rupture, making the surgical procedure progressively more difficult and steadily increasing the possibility of brain damage, we currently believe that surgery within 20 hours of rupture is most advantageous. 23 Second, the most important indications for ultraearly operation are the patient's level of consciousness and the changes in consciousness over time. Except for Grade V cases and those whose level of consciousness is progressively downhill, we believe ultra-early operation is indicated in all casesY ' 27 In the cases where ultraearly surgery is contraindicated, the above-mentioned combination of mannitol, vitamin E, and dexamethasone should be administered by intravenous drip, and ventricular drainage immediately instituted. If the level of consciousness then improves to the point where the patient can respond to his own name, the direct operation is undertaken without delay.
Finally, the patient's age is an important factor in deciding on the suitability of the ultra-early operation. Although there are individual differences, from our experience we believe that the ultra-early operation should not be performed in patients over the age of 70 years unless their preoperative grade and overall condition are quite good.
Postoperatively, the gravest problems in patients undergoing the ultra-early operation are vasospasm and increased intracranial pressure (ICP). We have demonstrated experimentally that one of the important spasmogenic substances is oxyhemoglobin, which is produced by hemolysis of red blood cells starting approximately 3 days after the SAH. 2'3"19 To prevent the development of vasospasm, we remove as many blood clots from the subarachnoid space as possible --particularly those adherent to arterial walls --within 48 hours of aneurysm rupture when hemolysis has not yet progressed. In the present study, we found a 12.5% incidence of vasospasm among cases operated on within 48 hours, whereas the incidence was 17.9% when surgery was performed 3 or more days after rupture (Table  8) . Although the lower incidence of vasospasm in the patients with ultra-early operation is still not satisfactory, the effectiveness of removal of subarachnoid clots in the ultra-early stage is thought to be indisputable in light of the fact that the preoperative grades of the patients undergoing operation within 48 hours were considerably poorer than those of the patients operated on 3 days or more following rupture (Tables 6 and 8) .
When surgery in the acute stage (3 days or more after onset) is to be undertaken, cotton pledgets soaked in 10 to 50 mMol sodium nitrite (NaNO2) are repeatedly applied to the cerebral vessels during the operation so that oxyhemoglobin is transformed into inactive methemoglobin. 19 However, even with this technique vasospasm cannot be completely prevented, so an effective treatment for the prevention or suppression of cerebral infarction due to vasospasm must still be developed.
When spasm has occurred, we administer cerebral protective agents, such as mannitol, and simultaneously induce hypertension to maintain systemic systolic blood pressure at 160 to 180 mm Hg. 13 In those cases where the spasm crisis is not averted with these measures, we immediately perform superior cervical gangionectomy and perivascular sympathectomy. 1~ We are in the midst of an investigation to determine the effectiveness of planned administration of a selective alpha-1 receptor-blocking agent 8 as an alternative to such surgical intervention.
To treat the increased ICP found in the acute-stage cases, we initiate continuous ventricular drainage. This not only facilitates the surgical operation by reducing the brain volume, but it is also an effective means of controlling ICP postoperatively. Because of the danger of infection from continuous ventricular drainage, we believe that this type of therapy should not continue beyond a maximum of 2 weeks. If ICP remains high after this 2-week period, we then insert a ventriculoperitoneal shunt.
A comparison of the timing of surgery in our cases operated on through September, 1975, with those operated on after that date reveals that the percentage of cases undergoing operation within 48 hours of onset of symptoms has increased fourfold in the later period. Results during the later time period have improved dramatically: about 50% of the patients undergoing ultra-early operations in the pre-1975 period returned to normal social lives compared to 84% since September, 1975 . In comparison with the results of chronicstage surgery, the results of ultra-early surgery are clearly superior.
We believe that good therapeutic results can be obtained by means of ultra-early surgery, even in severe cases with ACoA aneurysms, provided that proper care is taken with regard to indication for surgery, choice of surgical technique, use of measures to prevent or suppress vasospasm, and control of ICP. Use of ultra-early surgery results in fewer cases of deterioration or death during the preoperative period, and a larger percentage of patients can be saved and returned to normal social lives.
